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The purpose of this program is to utilize the ultrashort pulses available from pas-
sively mode-locked dye lasers to carry out time-resolved spectroscopic studies of
condensed matter. The program has been sponsored by the Joint Services since July
1977 and equipment has been purchased with major assistance from the Sloan Research
Fund at M. I. T.
The dye laser has been built and is now operating; it produces pulses of wavelength
600-615 nm with a peak power of ~4 kW and pulsewidth below 10- 1Z s as measured by
second-harmonic generation autocorrelations. All necessary electronics and signal
detection equipment has also been built and is operating. Figures IX-1 and IX-2 illus-
trate the type of information that can be obtained with this system. Figure IX-1 shows
an autocorrelation measurement of the laser pulse. In Fig. IX-2 a pulse was used to
bleach a solution (10 - 4 moles/liter) of oxazine 4 in water. This produced a temporary
dichroism which relaxed, in this case, by rotary diffusion of the molecules with a time
constant of 88 ps.
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Fig. IX-1.
Dye laser pulsewidth.
Fig. IX-2.
Decay of laser- induced dichroism.
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This type of experiment can provide detailed information on the dynamics of molecu-
lar motion and can also be used as a local probe of the solvent viscosity - as within the
polymer network of a gel or within the phospholipid bilayer of a cell membrane. One
may also use this method to study nonradiative intra- or inter-molecular energy trans-
fer. We are also studying molecular motions in liquid crystal phases and hope to use
the same method to study dynamical behavior near phase transitions in magnetic mate-
rials.
We are now carrying out a series of preliminary experiments to verify our theoreti-
cal predictions. The stability of the laser is not yet sufficient to permit long (>1 h)
averaging to recover weak signals; we are working to improve this. Certain of our
intended experiments may require more energetic pulses; a dye amplifier giving 103
power gain is relatively easy to build and will be constructed when appropriate.
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